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(57) ABSTRACT 

A splitter device includes a first splitter comprising an input 
leg coupled to a provider content input port, a first output leg, 
and a second output leg. The provider content input port is 
configured to receive a downstream-propagating provider 
bandwidth. The splitter device further includes a first conduc 
tive path coupled to the first output leg of the first splitter, and 
a second conductive path coupled to the second output leg of 
the first splitter. The splitter device further includes a second 
splitter having an input leg coupled to a first home network 
bandwidth, a first output leg coupled to the first conductive 
path, and a second output leg. The splitter device further 
includes a third splitter having an input leg coupled to a 
second home network bandwidth, a first output leg coupled to 
the second conductive path, and a second output leg. The 
splitter device further includes a bridge circuit operatively 
coupled between the first conductive path and the second 
conductive path. The bridge circuit is configured to propagate 
a home network bandwidth from the first user port to the 
second user port and isolate the provider bandwidth from the 
home network bandwidth. 

32 Claims, 8 Drawing Sheets 
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BAND SELECTIVE SOLATION BRIDGE FOR 
SPLTTER 

FIELD OF THE INVENTION 

This disclosure relates generally to the conveying of infor 
mation along a transmission path and, more specifically, to a 
band selective isolation bridge for a splitter. 

BACKGROUND OF THE INVENTION 

In many data distribution networks, electrical signals con 
veying information propagate along transmission lines across 
distances and through splitting devices. For example, in a 
cable television (CATV) network, media content propagates 
downstream from a head-end facility toward media devices 
located in various facilities such as homes and businesses. 
Along the way, the electrical signals conveying the media 
content propagate along main trunks, through taps, and along 
multiple branches that ultimately distribute the content to 
drop cables at respective facilities. The drop cable, which may 
be a single coaxial cable, typically is connected to a splitting 
device having two or more outlet ports. Distribution cables 
connected to the outlet ports route the signals to various 
rooms, often extending to one or more media devices. The 
network of distribution cables, splitters, and distribution 
points is referred to as a drop system. 
A typical data distribution network provides many content 

selections to a user's media devices within the drop system, 
Such as one or more televisions equipped with set top boxes or 
cable modems. Content selection propagated on a down 
stream bandwidth of the CATV system may include broad 
cast television channels, video on demand services, internet 
data, home security services, and voice over internet (VOIP) 
services. The content selections are typically propagated in a 
discrete frequency range, or channel, that is distinct from the 
frequency ranges of other content selections. Downstream 
bandwidth includes frequencies typically ranging from 50-1, 
000 megahertz (MHz). 
The typical data distribution network is a two-way com 

munication system. The downstream bandwidth carries sig 
nals from the head end to the user and an upstream bandwidth 
carries upstream signals from the user to the head end. 
Upstream bandwidth may include data related to video on 
demand services, such as video requests and billing authori 
Zation; internet uploads, such as photo albums or user account 
information; security monitoring; or other services predi 
cated on signals or data emanating from a Subscriber's home. 
Upstream bandwidth frequencies typically range from 7-49 
MHZ. 
A user data network, or home network, may be coupled to 

the cable television network via the same coaxial cable deliv 
ering the downstream and upstream bandwidth of the CATV 
system. Often, the user data network is a home entertainment 
network providing multiple streams of high definition video 
and entertainment. Examples of home networking technolo 
gies include Ethernet, HomePlug, HPNA, and 802.11n. In 
another example, the user data network may employ technol 
ogy standards developed by the Multimedia over Coax Alli 
ance (MoCA). The MoCA standards promote networking of 
personal data utilizing the existing coaxial cable that is wired 
throughout the user premises. MoCA technology provides the 
backbone for personal data networks of multiple wired and 
wireless products including Voice, data, security, home heat 
ing/cooling, and video technologies. In Such an arrangement, 
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2 
the cable drop from the cable system operator shares the 
coaxial line or network connection a MoCA-certified device 
Such as a broadband router. 
A MoCA-certified device such as the broadband router 

interconnects other MoCA-certified components located 
within the premises, for example additional set top boxes, 
routers and gateways, bridges, optical network terminals, 
computers, gaming systems, display devices, printers, net 
work-attached storage, and home automation Such as furnace 
settings and lighting control. The user data network allows 
distribution and sharing of entertainment content among the 
MoCA-connected devices. For example, a high definition 
program recorded on a set top box in the living room may be 
played back by a second set top box located in a bedroom. 
And, a high definition movie recorded on a camcorder and 
stored on a user's personal computer may be accessed and 
displayed through any of the set top boxes within the pre 
mises. The home network may also allow high-definition 
gaming between rooms. 
The home network may utilize an open spectrum band 

width on the coaxial cable to transmit the personal data con 
tent, such as entertainment content. For example, a cable 
system operator may utilize abandwidth of frequencies up to 
1002 MHZ, and a satellite system operator may utilize a 
bandwidth of frequencies from 1550-2450 MHz. The unused 
range of frequencies in this example, or open spectrum band 
width, is 1002-1550 MHz. In another example, the open 
spectrum bandwidth may be higher than 2450 MHz. In one 
particular example, the Multimedia over Coax Alliance speci 
fies an open spectrum, or home network bandwidth, of 1125 
1525 MHz. A home network utilizing the open spectrum 
bandwidth does not interfere with any of the bandwidth being 
utilized by the cable television services provider or a satellite 
services provider. 
As may be appreciated, a home network utilizing coaxial 

cable must be able to pass signals backwards through a split 
ter in order to properly transmit the content room-to-room. 
However, coaxial splitters are essentially directional couplers 
designed to isolate splitter outputs and prevent signals from 
flowing room-to-room or outlet-to-outlet. The isolation was 
needed in CATV systems to reduce interference from other 
devices and maximize the power transfer from the point of 
entry to the outlets, so as to achieve the best television recep 
tion. 

SUMMARY OF THE INVENTION 

A splitter device having high isolation between output 
ports in the provider bandwidth and little or no isolation in the 
home network bandwidth is disclosed. In an aspect of the 
invention, the splitter device includes a first splitter compris 
ing a provider content input port, a first output leg, and a 
second output leg. The provider content input port is config 
ured to receive a downstream-propagating first bandwidth. 
The splitter device further includes a first conductive path 
coupled to the first output leg of the first splitter. The first 
conductive path is configured to propagate the provider band 
width in a downstream direction towards a first user port. A 
second conductive path is coupled to the second output leg of 
the first splitter. The second conductive path is configured to 
propagate the provider bandwidth in the downstream direc 
tion towards a second user port. The splitter device further 
includes a bridge circuit operatively coupled between the first 
conductive path and the second conductive path. The bridge 
circuit is configured to propagate a home network bandwidth 
from the first user port to the second user port and isolate the 
provider bandwidth from the home network bandwidth. 
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In another aspect of the invention, the splitter device 
includes a first splitter comprising an input leg coupled to a 
provider content input port, a first output leg, and a second 
output leg. The provider content input port is configured to 
receive a downstream-propagating provider bandwidth. The 
splitter device further includes a first conductive path coupled 
to the first output leg of the first splitter, and a second con 
ductive path coupled to the second output leg of the first 
splitter. The splitter device further includes a second splitter 
having an input leg coupled to a first user port, a first output 
leg coupled to the first conductive path, and a second output 
leg. The splitter device further includes a third splitter having 
an input leg coupled to a second user port, a first output leg 
coupled to the second conductive path, and a second output 
leg. The splitter device further includes a bridge circuit opera 
tively coupled to the second output leg of the second splitter 
and the second output leg of the third splitter. The bridge 
circuit is configured to propagate a home network bandwidth 
from the first user port to the second user port and isolate the 
provider bandwidth from the home network bandwidth. 

In another aspect of the invention, a splitter adapter is 
disclosed. The splitter adapter includes a first provider con 
tent input port configured to receive a provider bandwidth, 
and a second provider content input port configured to receive 
the provider bandwidth. The splitter adapter further includes 
a first splitter having an input leg coupled to a first user port, 
a first output leg coupled to the first provider content input 
port, and a second output leg. The splitter adapter further 
includes a second splitter having an input leg coupled to a 
second user port, a first output leg coupled to the second 
provider content input port, and a second output leg. The 
splitter adapter further includes a bridge circuit having an 
input and an output. The input of the bridge circuit is opera 
tively coupled to the second output leg of the first splitter, and 
the output of the bridge circuit is operatively coupled to the 
second output leg of the second splitter. The bridge circuit is 
configured to attenuate the provider bandwidth and pass a 
home network bandwidth from the first user port to the second 
user port. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a further understanding of the invention, reference will 
be made to the following detailed description of the invention 
which is to be read in connection with the accompanying 
drawing, wherein: 

FIG. 1 schematically illustrates a prior art splitter device; 
FIG. 2 schematically illustrates one embodiment of a split 

ter device in accordance with the present invention; 
FIG.3 schematically illustrates a second embodiment of a 

splitter device in accordance with the present invention; 
FIG. 4 schematically illustrates a third embodiment of a 

splitter device in accordance with the present invention; 
FIG. 5 schematically illustrates a fourth embodiment of a 

splitter device in accordance with the present invention; 
FIG. 6 schematically illustrates a fifth embodiment of a 

splitter device in accordance with the present invention; 
FIG. 7 schematically illustrates a sixth embodiment of a 

splitter device in accordance with the present invention; 
FIG. 8 is an electrical schematic of the embodiment of the 

splitter device shown in FIG. 7: 
FIG. 9 is a diagram of the insertion loss of a splitter device 

in accordance with one embodiment of the present invention, 
as a function of frequency; 

FIG. 10 is a another diagram of the insertion loss of the 
splitter device of FIG.9; 
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4 
FIG. 11 is a diagram of the return loss of a splitter device in 

accordance with one embodiment of the present invention, as 
a function of frequency; 

FIG. 12 is another diagram of the return loss of the splitter 
device of FIG. 11; 

FIG. 13 is a diagram of the isolation between ports of a 
splitter device in accordance with one embodiment of the 
present invention, as a function of frequency; and 

FIG. 14 schematically illustrates a seventh embodiment of 
a splitter device in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Splitters are used in distribution systems to divide an input 
signal into two or more output signals. Referring to FIG. 1, a 
typical splitter 2 includes an input port 4 and two or more 
output ports 6. A downstreambandwidth provided by a CATV 
system, for example, propagates through the input port 4 and 
exits from each of the respective output ports 6. Splitters have 
two important characteristics which determine the perfor 
mance of the device: through-loss and isolation. Through 
loss is the amount of attenuation the signal receives as it 
passes from input to output. Isolation refers to the ability to 
prevent a signal from appearing at a node in the circuit where 
it is unwanted. The two-port Wilkinson splitter 2 shown in 
FIG. 1 employs a quarter-wave transformer 8a, 8b on each 
output leg of the splitter. Isolation between each output is 
provided by an isolation element 10, such as a resistor. To 
provide optimal isolation, the resistor has a resistance value 
equal to twice the characteristic impedance of the input sig 
nal. Thus, for a CATV system having a 75-ohm characteristic 
impedance, the typical two-port Wilkinson splitter 2 will 
employ an isolation resistor 10 having a resistance value of 
150 ohms, yielding a through-loss of about 3.5 dB from the 
input port 4 to each output port 6a, 6b, and an isolation 
between output ports 6a and 6b of about 20 dB. 

Although a typical Wilkinson splitter provides adequate 
performance and isolation in many CATV systems, it suffers 
from drawbacks. One such problem is encountered when a 
home network is coupled to the CATV network over the same 
coaxial cable present within a structure or home premises. 
The home network utilizing coaxial cable must be able to pass 
signals backwards through a splitter in order to properly 
transmit data content room-to-room. 

Referring to FIG. 2, a splitter device 100 includes a pro 
vider content input port 102 coupled to a splitter 104. In the 
disclosed embodiment, the provider content input port 102 is 
a standard female coaxial port configured to receive a down 
stream-propagating provider bandwidth 106, which may be a 
CATV system, for example. An exemplary CATV system 
carries downstream bandwidth in the 50-1,000 MHz range, 
and also carries an upstream bandwidth in the 7-49 MHz 
range, represented in FIG. 2 as arrows pointing in both direc 
tions. 
The splitter 104, which may be a simple circuit, divides an 

input leg 108 into a first output leg 110 and a second output leg 
112. The splitter 104 may include a splitter transformer 114 
comprising windings 114a and 114b on each output leg, in 
one example. In another example, the transformer 114 may 
comprise a quarter-wave transmission line in the form of an 
integrated circuit micro-strip line on each output leg. The first 
output leg 110 is coupled to a first user port 116 via a first 
conductive path 118. Similarly, the second output leg 112 is 
coupled to a second user port 120 via a second conductive 
path 122. The first user port 116 and the second user port 120 
may be configured for set top boxes, etc. 
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The splitter device 100 is adapted to freely transmit data on 
a home network bandwidth 124 from any port to any other 
port. For example, data on the home network bandwidth 124 
may be transmitted from the first user port 116 to the second 
user port 120, or from the first user port 116 to the input port 
102. Further, data on the home network bandwidth 124 may 
be transmitted from the second user port 120 to the first user 
port 116, or from the second user port 120 to the input port 
102. In another example, such as when there are multiple 
splitters and the output of one is the input to another, data on 
the home network bandwidth 124 may be transmitted from 
the input port 102 to either of the first user port 116 or the 
second user port 120. The data may include Voice transmis 
Sion, security, home heating/cooling instructions, and high 
definition video technologies, for example. The home net 
work bandwidth 124 occupies an open spectrum bandwidth, 
that is, in a frequency range outside the provider bandwidth 
106. Referring to the exemplary CATV system above, the 
home network bandwidth 124 may carry signals in the 1125 
1525 MHz range. 
Band selective isolation for the splitter device 100 is pro 

vided by a band-selective isolation bridge circuit 126 opera 
tively coupled between the first conductive path 118 and the 
second conductive path 122. In this manner, the provider 
bandwidth 106 is isolated from the first user port 116 to the 
second user port 120. In one embodiment, the bridge circuit 
126 includes a high pass filter 128. The high pass filter 128 is 
configured to attenuate the CATV bandwidth 106 and pass the 
home network bandwidth 124. For example, the high pass 
filter 128 may block or attenuate frequencies below 1000 
MHz, while passing frequencies above 1125 MHz. The split 
ter device 100 provides adequate isolation between the first 
user port 116 and the second user port 120 in the CATV 
bandwidth, while allowing signals to pass from the first user 
port 116 to the second user port 120 in the home network 
bandwidth 124. The bridge circuit 126 may further include an 
additional isolation element 130 such as a resistor disposed in 
parallel with the bridge circuit 126. The isolation element 130 
provides isolation between the first conductive path 118 and 
second conductive path 122 when carrying the provider band 
width 106. 

In operation, signals transmitted in the provider bandwidth 
106 enter the splitter device 100 through the input port 102 
and propagate down either the first conductive path 118 or the 
second conductive path 122. Signals propagating down the 
first conductive path 118 pass through node 132 to the first 
user port 116. Signals passing down the alternate branch of 
node 132 are attenuated by high pass filter 128. Signals propa 
gating down the second conductive path 122 pass through 
node 134 to the second user port 120. Signals passing down 
the alternate branch of node 134 are attenuated by high pass 
filter 128. Isolation between the first conductive path 118 and 
the second conductive path 122 in the provider bandwidth 
range of frequencies may be further provided by the isolation 
element 130. 

In one example, signals in the home network bandwidth 
124 enter the splitter device 100 through the first user port 116 
and propagate down the first conductive path 118 to node 132. 
Signals propagating on the branch towards the provider con 
tent input port 102 are eventually attenuated as will be 
explained below. Signals propagating down the other branch 
ofnode 132 pass through the high pass filter 128 towards node 
134 and out the second user port 120. 
To prevent the home network bandwidth 124 from trans 

mitting private content out the provider content input port 102 
and upstream to the head end network, a low pass filter (not 
shown) may be disposed at the point of entry between the 
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6 
input port 102 and the user tap. The low pass filter is config 
ured to attenuate the home network bandwidth 124 while 
passing the provider bandwidth 106. 

In another embodiment, the low pass filter (not shown) may 
be integrated into the input port 102 and may be selectively 
activated. For example, a bypass leg including the low pass 
filter may be controlled by a switch. The switch may be 
manual, remote, or automatic with a detection feature. The 
switch could be used to attenuate the home network band 
width 124 from being transmitted upstream (e.g., out the 
input port). This embodiment is useful when multiple splitter 
devices of the present invention are located throughout a 
household, but only one of them is required to block the home 
network bandwidth. A splitter device located at the point of 
entry is one example. 

Referring to FIG. 3, wherein like numerals indicate like 
elements from FIG. 2, another embodiment of a splitter 
device 200 includes a provider content input port 202 coupled 
to a splitter 204. The splitter 204 divides an input leg 208 into 
a first output leg 210 and a second output leg 212. Each output 
leg may include a first and second transformer winding 214a 
and 214b. The first output leg 210 is coupled to a first user port 
216 via a first conductive path 218. Similarly, the second 
output leg 212 is coupled to a second user port 220 via a 
second conductive path 222. 
Band selective isolation for the splitter device 200 is pro 

vided by a band-selective isolation bridge circuit 226 opera 
tively coupled between the first conductive path 218 and the 
second conductive path 222. In the illustrated embodiment, 
the bridge circuit 226 includes a high pass filter 228 config 
ured to attenuate a CATV bandwidth 206 and pass a home 
network bandwidth 224. The band-selective isolation bridge 
circuit 226 further includes an additional isolation element 
230 such as a resistor disposed in parallel with the bridge 
circuit 126. 

In contrast to the splitter device 100 illustrated in FIG. 2, 
the bridge circuit 226 depicted in FIG.3 further includes a low 
pass filter 236 operatively coupled to the second conductive 
path 222. In the illustrated embodiment, the low pass filter 
236 is disposed between the second output leg 212 of the 
splitter 204 and the junction or node 238 where the isolation 
element 230 joins the second conductive path 222. The low 
pass filter 236 is configured to pass the provider bandwidth 
206 and attenuate the home network bandwidth 224. 

In operation, signals transmitted in the provider bandwidth 
206 enter the splitter device 200 through the input port 202 
and propagate down either the first conductive path 218 or the 
second conductive path 222. Signals propagating down the 
first conductive path 218 pass through node 232 to the first 
user port 216. Signals passing down the alternate branch of 
node 232 are attenuated by high pass filter 228. Signals propa 
gating down the second conductive path 222 pass through the 
low pass filter 236 and node 234 to the second user port 220. 
Signals passing down the alternate branch of node 234 are 
attenuated by high pass filter 228. Isolation between the first 
conductive path 218 and the second conductive path 222 in 
the provider bandwidth range of frequencies may be further 
provided by the isolation element 230. 

In one example, signals in the home network bandwidth 
224 enter the splitter device 200 through the first user port 216 
and propagate down the first conductive path 218 to node 232. 
Signals propagating on the branch towards the provider con 
tent input port 202 are eventually attenuated as explained 
above. Signals propagating down the other branch of node 
232 pass through the high pass filter 228 towards node 234 
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and out the second user port 220. Signals propagating down 
the other branch of node 234 are attenuated by the low pass 
filter 236. 

Referring to FIG. 4, wherein like numerals indicate like 
elements from FIGS. 2 and 3, another embodiment of a split 
ter device 300 includes a provider content input port 302 
coupled to a splitter 304. The splitter 304 divides an input leg 
308 into a first output leg 310 and a second output leg 312. 
Each output leg may include a first and second transformer 
winding 314a and 314b. The first output leg310 is coupled to 
a first user port 316 via a first conductive path 318. Similarly, 
the second output leg 312 is coupled to a second user port 320 
via a second conductive path 322. 

Band selective isolation for the splitter device 300 is pro 
vided by a band-selective isolation bridge circuit 326 opera 
tively coupled between the first conductive path 318 and the 
second conductive path 322. In the illustrated embodiment, 
the bridge circuit 326 includes a high pass filter 328 config 
ured to attenuate a CATV bandwidth 306 and pass a home 
network bandwidth 324. The band-selective isolation bridge 
circuit 326 further includes an additional isolation element 
330 such as a resistor disposed in parallel with the bridge 
circuit 326. 

In contrast to the splitter device 200 illustrated in FIG. 3, 
the bridge circuit 326 depicted in FIG.3 further includes a low 
pass filter 336 operatively coupled to the second conductive 
path 322 between isolation element 330 and a high pass filter 
328. 

In operation, signals transmitted in the provider bandwidth 
306 enter the splitter device 300 through the input port 302 
and propagate down either the first conductive path.318 or the 
second conductive path 322. Signals propagating down the 
first conductive path 318 pass through node 332 to the first 
user port 316. Signals passing down the alternate branch of 
node 332 are attenuated by high pass filter 328. Signals propa 
gating down the second conductive path 322 pass through the 
low pass filter 336 and node 334 to the second user port 320. 
Signals passing down the alternate branch of node 334 are 
attenuated by high pass filter 328. 

In one example, signals in the home network bandwidth 
324 enter the splitter device 300 through the first user port316 
and propagate down the first conductive path.318 to node 332. 
Signals propagating on the branch towards the provider con 
tent input port 302 are eventually attenuated as explained 
above. Signals propagating down the other branch of node 
332 pass through the high pass filter 328 towards node 334 
and out the second user port 320. Signals propagating down 
the other branch of node 334 are attenuated by the low pass 
filter 336. In this embodiment, band selective isolation is 
provided by blocking both the second conductive path 322 
and the isolation element 330 from the home network band 
width 324. 

Referring to FIG. 5, wherein like numerals indicate like 
elements from FIG. 4, another embodiment of a splitter 
device 400 includes a provider content input port 402 coupled 
to a splitter 404. The splitter 404 divides an input leg 408 into 
a first output leg 410 and a second output leg 412. Each output 
leg may include a first and second transformer winding 414a 
and 414b. The first output leg 410 is coupled to a first user port 
416 via a first conductive path 418. Similarly, the second 
output leg 412 is coupled to a second user port 420 via a 
second conductive path 422. 
Band selective isolation for the splitter device 400 is pro 

vided by a band-selective isolation bridge circuit 426 opera 
tively coupled between the first conductive path 418 and the 
second conductive path 422. In the illustrated embodiment, 
the bridge circuit 426 includes a high pass filter 428 config 
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8 
ured to attenuate a CATV bandwidth 406 and pass a home 
network bandwidth 424. The band-selective isolation bridge 
circuit 426 further includes an additional isolation element 
430, such as a resistor, and a low pass filter 436 disposed in 
parallel with the bridge circuit 426. 

In operation, signals transmitted in the provider bandwidth 
406 enter the splitter device 400 through the input port 402 
and propagate down either the first conductive path 418 or the 
second conductive path 422. Signals propagating down the 
first conductive path 418 pass through node 432 to the first 
user port 416. Signals passing down the alternate branch of 
node 432 are attenuated by high pass filter 428. Signals propa 
gating down the second conductive path 422 pass through 
node 440 and node 434 to the second user port 420. Signals 
passing down the alternate branch of node 434 are attenuated 
by the high pass filter 428. 

In one example, signals in the home network bandwidth 
424 enter the splitter device 400 through the first user port 416 
and propagate down the first conductive path 418 to node 432. 
Signals propagating on the branch towards the provider con 
tent input port 402 are eventually attenuated as explained 
above. Signals propagating down the other branch of node 
432 pass through the high pass filter 428 towards node 434 
and out the second user port 420. Signals propagating down 
the other branch of node 434 pass up the second conductive 
path 422 to third node 440, and are either attenuated by the 
low pass filter 436 or the low pass filter disposed between the 
input port 402 and the user tap. 

In another example, the embodiments of the bridge circuit 
described above may be combined. For example, the location 
of the low pass filter 236 illustrated in FIG.3 may be com 
bined with the location of the low pass filter 436 illustrated in 
FIG. 5. In this manner, two low pass filters are provided and 
the home network bandwidth will be attenuated on the second 
conductive path and on the leg comprising the isolation ele 
ment. 

Referring to FIG. 6, another embodiment of a splitter 
device 500 includes a bridge circuit 526 that utilizes compo 
nent symmetry to ensure equal circuit performance whether 
the home network bandwidth is entering the splitter device 
from the first user port 516 or the second user port 520. In one 
example, the circuit illustrated in FIG.5 is modified to include 
a second low pass filter 536b disposed symmetric along the 
leg comprising the isolation element 530 opposite the first 
low pass filter 536a. In operation, a home network bandwidth 
524 entering from either port 516 or port 520 will be attenu 
ated prior to reaching the isolation element 530. 

Although the splitter devices described above are adequate 
in many applications, non-flat insertion losses and poor return 
losses may be present at the ports. To alleviate these potential 
problems, another embodiment of a splitter device 600 of the 
present invention is illustrated in FIG. 7, wherein like numer 
als indicate like elements. The splitter device 600 includes a 
provider content input port 602 coupled to a first splitter 604. 
The first splitter 604 divides an input leg 608 into a first output 
leg 610 and a second output leg 612. Each output leg may 
include a first and second transformer winding 614a and 
614b. The first output leg 610 is coupled to a first user port 616 
via a first conductive path 618. The first user port 616 includes 
a second splitter 642. An input leg 644 of the second splitter 
642 splits a home network bandwidth 624 entering through 
the first user port 616 into a first output leg 646 and a second 
output leg 648. The first output leg 646 of the second splitter 
642 is coupled to the first conductive path 618, and the second 
output leg 648 is coupled to a bridge circuit 626, as will be 
explained below. 



US 8,350,641 B2 

The second output leg 612 of the first splitter 604 is coupled 
to a second user port 620 via a second conductive path 622. 
The second user port 620 includes a third splitter 650 having 
an input leg 652 and two output legs 654, 656. The first output 
leg 654 is coupled to the second conductive path 622, and the 
second output leg 656 is coupled to the bridge circuit 626. 
The bridge circuit 626 includes a high pass filter 628 opera 

tively coupled to the second output leg 648 of the second 
splitter 642 and the second output leg 656 of the third splitter 
650. The bridge circuit 626 further includes a first ground path 
element 658 coupled to the second output leg 648 of the 
second splitter 642 at node 660. In the disclosed embodiment, 
the first ground path element 658 directs the provider band 
width 606 to ground and prevents reflections from the high 
pass filter 628 to the provider bandwidth 606. The first ground 
path element 658 includes a low pass filter 636a and a termi 
nation resistor 662a. The low pass filter 636a is configured 
pass the provider bandwidth 606 and attenuate the home 
network bandwidth 624. The termination resistor 662 may be 
configured to match the impedance of the line load so as to 
prevent reflections due to impedance mismatch. In the illus 
trated example, the line load is 75 ohms, and the termination 
resistor 662 is likewise 75 ohms. The bridge circuit 626 
further includes a second ground path element 664 coupled to 
the second output leg 656 of the third splitter 650 at node 666. 
In the illustrated example, the second ground path element 
664 includes a low pass filter 636b and a termination resistor 
662b. The second ground path element 664 is symmetric to 
the first ground path element 658. 

The bridge circuit 626 may further include an isolation 
element 630 such as a resistor disposed in parallel with the 
bridge circuit 626. The isolation element 630 provides isola 
tion between the first conductive path 618 and second con 
ductive path 622 when carrying the provider bandwidth 606. 

In operation, signals transmitted in the provider bandwidth 
606 enter the splitter device 600 through the input port 602 
and propagate down either the first conductive path 618 or the 
second conductive path 622. Signals propagating down the 
first conductive path 618 enter the second splitter 642 through 
the first output leg 646 and exit the first user port 616. Should 
any of the provider bandwidth 606 propagate down the sec 
ond output leg 648, it is attenuated at the high pass filter 628 
or routed to ground through the first ground path element 658. 
Similarly, signals propagating down the second conductive 
path 622 enter the third splitter 650 through the first output leg 
654 and exit the second user port 620. Should any of the 
provider bandwidth 606 propagate down the second output 
leg 656, it is attenuated at the high pass filter 628 or routed to 
ground through the first ground path element 664. 

Provider bandwidth 606 propagating upstream, such as 
upstream bandwidth in the 7-49 MHz frequency range, may 
enter the second splitter 642 at the first user port 616 and 
travel up the first output leg 646 and out the provider content 
input port 602. Upstream bandwidth propagating along the 
second output leg 648 is attenuated at the high pass filter 628 
or routed to ground through the first ground path element 658. 

In one example, signals in the home network bandwidth 
624 enter the splitter device 600 through the second splitter 
642 at the first user port 616 and propagate through the high 
pass filter 628, through the second output leg 656 of the third 
splitter 650, and out the second user port 620. Signals in the 
home network bandwidth 624 propagating up the first output 
leg 646 of the second splitter 642, or propagating up the first 
output leg 654 of the third splitter 650, pass out the provider 
content input port 602 and are attenuated by the low pass filter 
(not shown) disposed between the input port and the user tap. 
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Referring to FIG. 8, shown is one possible topology for the 

bridge circuit 626 of the splitter device 600. The low pass 
filter 636a is a hybrid parallel LC arrangement in which 
inductors L9 and L1 along with capacitors C1 and C3 increase 
the isolation between the low pass filter(s) and the high pass 
filter 628. L2/C4, L3/C6, L4/C8 and capacitors C5, C7, and 
C9 collectively form an elliptic filter. Other filter designs, 
such as Butterworth or Chebyshev, are equally operable but 
may require additional components to implement. The low 
pass filter 636b is symmetric to filter 636a. That is, inductors 
L10 and L11 along with capacitors C2 and C18 increase the 
isolation between the low pass filter(s) and the high pass filter 
628, while L12/C19, L13/C21, L14/C23 and capacitors C20, 
C22, and C24 collectively form an elliptic filter. High pass 
filter 628 includes capacitors C10, C11, C12, C13, C14, C15, 
C16 and C17 and inductors L5, L6, L7, and L8 to form a filter 
path that passes signals in the frequency range of the home 
network bandwidth (e.g., 1125 to 1525 MHz). Capacitors 
C10, C12, C14 and C16 are connected in series between the 
input path and output path. Series connections of L5/C11, 
L6/C13, L7/C15 and L8/C17 connect to ground the node 
between C10 and C12, the node between C12 and C14, the 
node between C14 and C16, and the node between C16 and 
node 666, respectively. This filter is an operable embodiment, 
but other filter designs are operable with the present invention 
as well. 
The schematic of FIG. 8 is approximately symmetric in 

either direction, although individual component values need 
not be symmetric. Symmetry is not necessary to the present 
invention, but has the advantage of symmetric return loss at 
the input port and the output port as a function of frequency. 
The embodiment of FIG. 8 is designed to minimize inser 

tion losses and maintaina return loss with a magnitude greater 
than 25 dB in all frequency regions for which signals of 
interest are transmitted. Return loss in the transition portions 
of the frequency response, in which no information is con 
tained, may not be significant. FIG.9 plots the insertion loss 
from the provider content input port 602 to the first user port 
616 as a function of frequency. The insertion loss is less than 
7 dB. Similarly, FIG. 10 plots the insertion loss from the 
provider content input port 602 to the second user port 620, 
and the insertion loss is less than 7 dB. 

FIG. 11 plots the return loss at the first user port 616 as a 
function offrequency. The return loss is greater than 25 dB for 
the provider bandwidth 606 (e.g., 5 to 1000.5 MHz) and the 
home network bandwidth 624 (e.g., frequencies greater than 
1125 MHz). Similarly, FIG. 12 plots the return loss at the 
second user port 620. The return loss is greater than 25 dB for 
the provider bandwidth 606 and the home network bandwidth 
624. 

FIG. 13 plots the insertion loss from the first user port 616 
to the second user port 620 as a function of frequency to 
illustrate the isolation between the two ports. Isolation in the 
provider bandwidth 606 is very high; greater than 35 dB 
below 1000.5 MHz. Conversely, isolation in the home net 
work bandwidth 624 (e.g., 1125 to 1525 MHz) is quite low: 
less than approximately 7 dB. 

Referring to FIG. 14, in another embodiment a bridge 
circuit 726 of the present invention may be used as a splitter 
adapter 768. In one example, the splitter adapter 768 includes 
two provider content input ports 702a, 702b to mate with the 
output of a standard coaxial cable splitter device (not shown). 
The splitter adapter 768 includes a first and second user ports 
716 and 720, respectively. The first user port 716 includes a 
first splitter 742 and the second user port 720 includes a 
second splitter 750, as described in the embodiment illus 
trated in FIG. 7. The first splitter 742 includes an input leg 744 
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coupled to the first user port 716, and two output legs 746, 
748. The first output leg 746 is coupled to the provider content 
input port 702a, and the second output leg 748 is coupled to 
the input of the bridge circuit 726. 

The second splitter 750 includes an input leg 744 coupled 
to the second user port 720, and two output legs 754,756. The 
first output leg 754 is coupled to the provider content input 
port 702b, and the second output leg 756 is coupled to the 
output of the bridge circuit 726. The bridge circuit 726 may be 
arranged as described with reference to FIGS. 7 and 8. 
Many modifications and other embodiments of the inven 

tions set forth herein will come to mind to one skilled in the art 
to which these inventions pertain having the benefit of the 
teachings presented in the foregoing descriptions and the 
associated drawings. Therefore, it is to be understood that the 
inventions are not to be limited to the specific embodiments 
disclosed and that modifications and other embodiments are 
intended to be included within the scope of the appended 
claims. For example, although a two-way splitter is disclosed 
in the above description, a four-way or eight-way splitter is 
also contemplated within the Scope of the invention. Although 
specific terms are employed herein, they are used in a generic 
and descriptive sense only and not for purposes of limitation. 
We claim: 
1. A splitter device comprising: 
a first splitter comprising a provider content input port, a 

first output leg, and a second output leg, the provider 
content input port configured to receive a downstream 
propagating first bandwidth: 

a first conductive path coupled to the first output leg of the 
first splitter, the first conductive path configured to 
propagate the provider bandwidth in a downstream 
direction towards a first user port; 

a second conductive path coupled to the second output leg 
of the first splitter, the second conductive path config 
ured to propagate a provider bandwidth in the down 
stream direction towards a second user port; and 

a bridge circuit operatively coupled between the first con 
ductive path and the second conductive path, the bridge 
circuit configured to propagate a home network band 
width from the first user port to the second user port and 
isolate the provider bandwidth from the first user port to 
the second user port. 

2. The splitter device of claim 1, wherein the bridge circuit 
comprises a first band pass filter configured to attenuate the 
provider bandwidth and pass the home network bandwidth. 

3. The splitter device of claim 2, further comprising an 
isolation element disposed in parallel with the bridge circuit. 

4. The splitter device of claim 3, wherein the provider 
bandwidth has a characteristic impedance of 75 ohms, and the 
isolation element is a resistor having a resistance value of 
about 150 ohms. 

5. The splitter device of claim 3, further comprising a 
second band pass filter disposed in series with the isolation 
element, the second band pass filter configured to pass the 
provider bandwidth and attenuate the home network band 
width. 

6. The splitter device of claim 5, further comprising a third 
band pass filter operatively coupled to the second conductive 
path, the third band pass filter configured to pass the provider 
bandwidth and attenuate the home network bandwidth. 

7. The splitter device of claim 3, further comprising a 
plurality of second band pass filters disposed in electrical 
series with the isolation element, at least one second band 
pass filter arranged on either side of the isolation element. 

8. The splitter device of claim 2, further comprising a 
second band pass filter operatively coupled to the second 
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conductive path, the second band pass filter configured to pass 
the provider bandwidth and attenuate the home network 
bandwidth. 

9. The splitter device of claim 8, wherein the second band 
pass filter is further configured to attenuate the home network 
bandwidth from the isolation resistor. 

10. The splitter device of claim 1, wherein the provider 
bandwidth is provided by a providergroup. 

11. The splitter device of claim 10, wherein the provider 
group is selected from the group consisting of a cable pro 
vider, a satellite provider, and a telecommunications provider. 

12. The splitter device of claim 11, wherein the provider 
bandwidth comprises a frequency range of 5 to 1000 mega 
hertz. 

13. The splitter device of claim 1, wherein the home net 
work bandwidth is provided by an end user. 

14. The splitter device of claim 13, wherein the home 
network bandwidth is selected from the group consisting of 
Ethernet, HomePlug, HPNA, 802.11n, and MoCA. 

15. A splitter device comprising: a first splitter comprising 
an input leg coupled to a provider content input port, a first 
output leg, and a second output leg, the provider content input 
port configured to receive a downstream-propagating pro 
vider bandwidth: 

a first conductive path coupled to the first output leg of the 
first splitter; 

a second conductive path coupled to the second output leg 
of the first splitter; 

a second splitter having an input leg coupled to a first user 
port, a first output leg coupled to the first conductive 
path, and a second output leg; a third splitter having an 
input leg coupled to a second user port, a first output leg 
coupled to the second conductive path, and a second 
output leg; and 

a bridge circuit operatively coupled to the second output 
leg of the second splitter and the second output leg of the 
third splitter, the bridge circuit configured to propagate a 
home network bandwidth from the first user port to the 
second user port and isolate the provider bandwidth 
from the first user port to the second user port. 

16. The splitter device of claim 15, wherein the bridge 
circuit comprises a first band pass filter and a first ground path 
element, the first ground path element operatively coupled 
between the second output leg of the second splitter and the 
first band pass filter. 

17. The splitter device of claim 16, wherein the first band 
pass filter is a high pass filter. 

18. The splitter device of claim 16, further comprising a 
second ground path element operatively coupled between the 
second output leg of the third splitter and the first band pass 
filter. 

19. The splitter device of claim 16, wherein the first ground 
path element comprises a second band pass filter disposed in 
series with a termination resistor. 

20. The splitter device of claim 19, wherein the second 
band pass filter is configured to pass the provider bandwidth 
and attenuate the home network bandwidth. 

21. The splitter device of claim 20, wherein the second 
band pass filter is a low pass filter. 

22. The splitter device of claim 19, wherein the provider 
bandwidth has a characteristic impedance of 75 ohms, and the 
termination resistor has a resistance value of about 75 ohms. 

23. The splitter device of claim 15, wherein the provider 
bandwidth is provided by a providergroup selected from the 
group consisting of a cable provider, a satellite provider, and 
a telecommunications provider. 
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24. The splitter device of claim 15, wherein the provider 
bandwidth comprises a frequency range of 5 megahertz to 
1002 megahertz. 

25. The splitter device of claim 15, wherein the home 
network bandwidth is provided by an end user, and is selected 
from the group consisting of Ethernet, HomePlug, HPNA, 
802.11n, and MoCA. 

26. A splitter adapter comprising: 
a first provider content input port configured to receive a 

provider bandwidth: 
a second provider content input port configured to receive 

the provider bandwidth: 
a first splitter having an input leg coupled to a first userport, 

a first output leg coupled to the first provider content 
input port, and a second output leg; 

a second splitter having an input leg coupled to a second 
user port, a first output leg coupled to the second pro 
vider content input port, and a second output leg; and 

a bridge circuit having an input and an output, the input of 
the bridge circuit operatively coupled to the second out 
put leg of the first splitter, the output of the bridge circuit 
operatively coupled to the second output leg of the sec 
ond splitter, the bridge circuit configured to attenuate the 
provider bandwidth and pass a home network bandwidth 
from the first user port to the second user port. 
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27. The splitter adapter of claim 26, wherein the bridge 

circuit comprises a first band pass filter, a first ground path 
element, and a second ground path element, the first ground 
path element operatively coupled between the second output 
leg of the first splitter and the input of the first band pass filter, 
the second ground path element coupled between the second 
output leg of the second splitter and the output of the first band 
pass filter. 

28. The splitter adapter of claim 27, wherein the first band 
pass filter is a high pass filter. 

29. The splitter adapter of claim 28, wherein the high pass 
filter attenuates provider bandwidth in a frequency range of 5 
to 1000 megahertz. 

30. The splitter adapter of claim 27, wherein the first 
ground path element comprises a second band pass filter 
disposed in series with a termination resistor. 

31. The splitter adapter of claim 30, wherein the second 
band pass filter is a low pass filter. 

32. The splitter adapter of claim 31, wherein the low pass 
20 filter passes provider bandwidth in a frequency range of 5 to 

1000 megahertz. 


